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Description 

[0001] THE PRESENT INVENTION relates to an ap- 
paratus for treating water and more particularly relates 
to an apparatus for treating water for a point of use po- 5 
table water source such as a reverse osmosis system, 
refrigerators, drinking fountains, etc. 
[0002] It has been proposed before to provide appa- 
ratus for treatment of water and one prior apparatus is 
disclosed in US-A-4978438. This specification disclos- 10 
es an electrolytic cell for treating water with gasses that 
are evolved by electrolysis. The cell comprises an an- 
ode compartment separate from a cathode compart- 
ment by a diaphragm. A gas permeable and liquid im- 
permeable window is provided which is located between ^ 
the cell so that gas from the anode compartment and/or 
the cathode compartment my pass through the window 
to make contact with the water to be treated. In use of 
the electrolytic cell liquid is present in the anode com- 
partment of the cathode compartment and thus the win- 20 
dow has liquid on each side of it. 
[0003] The present invention seeks to provide an im- 
proved apparatus. 

[0004] According to one aspect of this invention there 
is provided an apparatus comprising (a) a point-of-use 25 
water treatment system for potable water having a water 
inlet 150 and a water outlet 158; (b) an electrochemical 
ozone generator 155 having an ozone-forming anode 
302, a cathode 303, an ion exchange membrane 301 
disposed between the anode and the cathode, and a 30 
water supply port 100; and (c) an ozone gas delivery 
channel 104,101,100 providing communication of 
ozone gas between the anode and the water treatment 
system, the ozone gas delivery channel having two hy- 
drophobic gas-liquid separator membranes 102,103 35 
disposed therein to form a gas-containing gap 101 to 
prevent mixing of liquid water between the anode and 
the water treatment system. 

[0005] Preferably, the water treatment system in- 
cludes one or more water treatment devices and where- 40 
in the water treatment system further comprises a reac- 
tant water supply outlet providing fluid communication 
from a point downstream of at least one of the one or 
more water treatment devices to the electrochemical 
ozone generator. 45 
[0006] Conveniently, a secondary electrochemical 
cell may be included having an anode in fluid commu- 
nication with the reactant water supply outlet and a cath- 
ode fluid outlet in fluid communication with the anode of 
the ozone generator. so 
[0007] Preferably, the secondary electrochemical cell 
provides cathode fluid to the anode of the electrochem- 
ical ozone generator at a pressure greaterthan the pres- 
sure in the water treatment system adjacent the ozone 
gas delivery channel. 55 
[0008] Conveniently, the at least one of the one or 
more water treatment devices is an electrodeionization 
device or an electrodialysis device. 
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[0009] Preferably, the water treatment system in- 
cludes a water storage reservoir and wherein the ozone 
gas delivery channel communicates ozone gas to pres- 
surise the water storage reservoir. 
[0010] The apparatus may further comprise a differ- 
ential pressure sensor to detect the pressure differential 
across the bydiophobic gas-liquid separator membrane. 
[0011] The apparatus may also further comprise a 
controller in electronic communication with the differen- 
tial pressure sensor and the electrochemical ozone gen- 
erator, wherein the controller controls the operation of 
the electrochemical ozone generator. 
[0012] The apparatus may further comprise a liquid 
water sensor disposed in the gas chamber; and a con- 
troller in communication with the liquid water sensor and 
the electrochemical ozone generator. 
[0013] The apparatus may further comprise a dis- 
solved ozone sensor disposed in the water treatment 
system. 

[0014] Conveniently, the apparatus also comprises 
voltage probes disposed across the anode and cathode. 
[0015] Advantageously, the apparatus also compris- 
es an electronic current sensor in series with the elec- 
trochemical ozone generator. 
[001 6] Conveniently, the apparatus further comprises 
a catalytic destruct system in selective communication 
with the ozone outlet and the cathode to convert hydro- 
gen and ozone to water vapour and oxygen. 
[0017] Preferably, the anode, cathode and ion ex- 
change membrane are secured in intimate contact with- 
in a pre-moulded thermoplastic frame. 
[0018] Conveniently, the anode, cathode and ion ex- 
change membrane are secured in intimate contact by 
injection moulding. 

[0019] Advantageously, the water treatment system 
has a water treatment device, wherein the water treat- 
ment device is a particle filter, ultrafiltration unit, carbon 
filter, water softener, ion exchange bed, reverse osmo- 
sis membrane, electrodeionization device, electrodialy- 
sis device or combinations thereof. 
[0020] Conveniently, the apparatus further comprises 
a housing that replaceably secures the treatment device 
and the ozone generator therein. 
[0021 ] Preferably, the water treatment device and the 
electrochemical ozone generator form a unitary struc- 
ture. 

[0022] Alternatively, the water treatment device and 
the electrochemical ozone generator are disposed in a 
common housing having a water inlet and a water outlet. 
[0023] Preferably, the housing includes an outlet for 
removing gases evolved at the anode and cathode. 
[0024] Advantageously, the water treatment device 
and the electrochemical ozone generator are disposed 
in series. 

[0025] Conveniently, the housing has first and second 
removal endplugs at opposing ends of the housing and 
a shoulder disposed intermediate between the opposing 
ends to define two opposing sections on either side 
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thereof, wherein the water treatment device and the 
electrochemical ozone generator are disposed within 
the opposing sections. 

[0026] Preferably, the water inlet to the housing is in 
fluid communication with the cathode and the water 
treatment device. 

[0027] Conveniently, the ion exchange membrane is 
tubulated, and wherein the water inlet to the housing is 
in fluid communication with the tubulated ion exchange 
membrane and the water treatment device. 
[0028] Advantageously, the apparatus further com- 
prises a device in fluid communication, with the water 
outlet, wherein the device is a refrigerator, freezer, ice 
maker, water vending machine, beverage vending ma- 
chine, water fountain, pour-through pitcher, filtering 
faucet, or a reverse osmosis unit. 
[0029] Preferably, the point-of-use water treatment 
system is a system adapted to deliver water containing 
ozone. 

[0030] Conveniently the apparatus further comprises 
a household appliance in fluid communication with the 
water outlet, wherein the household appliance is a dish- 
washer, clothes washer, toy wash, or contact lens wash- 
er. 

[0031] Preferably the apparatus further comprises 
medical equipment in fluid communication with the wa- 
ter outlet. 

[0032] Conveniently the apparatus further comprises 
a cabinet for cleaning a medical instrument in fluid com- 
munication with the water outlet, wherein the medical 
instrument is a rigid endoscope, flexible endoscope, 
catheter, surgical instrument, dental fixture, prosthesis 
or combinations thereof. 

[0033] Conveniently, the point-of use water treatment 
system is a system adopted to produce disinfected wa- 
ter. 

[0034] Advantageously, the point-of-use water treat- 
ment system is a system adapted to produce ozone gas. 
[0035] Conveniently, the water inlet is in fluid commu- 
nication with the cathode. 

[0036] Alternatively, the water inlet is in fluid commu- 
nication with the anode. 

[0037] Preferably, the ion exchange membrane is tu- 
bulated, and wherein the water supply port is in fluid 
communication with the tubulated membrane. 
[0038] In one embodiment the gas-containing gap is 
maintained by a level control valve disposed in the 
ozone gas delivery channel. 

[0039] Alternatively, the gas-containing gap is main- 
tained by a float system disposed in the ozone gas de- 
livery channel. 

[0040] The electrochemical cell may be fabricated by 
(a) securing an assembly including an anode, a cath- 
ode, and a proton exchange membrane disposed be- 
tween the anode and the cathode; (b) placing the as- 
sembly in a mould; (c) maintaining the anode, proton 
exchange membrane, and the cathode at a temperature 
below about I80°C and (d) injection moulding around the 
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assembly. 

[0041] According to another aspect of this invention 
there is provided the method of making an electrochem- 
ical cell may comprise (a) securing an anode, a cathode 
5 and an ion exchange membrane disposed between the 
anode and the cathode within a pre-moulded thermo- 
plastic frame, wherein the thermoplastic frame main- 
tains the anode, cathode and membrane in intimate con- 
tact 

w [0042] Preferably, the method further includes injec- 
tion moulding around the pre-moulded thermoplastic 
frame. 

[0043] Alternatively, the method further includes in- 
jection moulding around a plurality of pre-moulded ther- 

15 moplastic frames. 

[0044] In a preferred apparatus in accordance with 
the invention the water treatment system has a carbon 
filter and a reverse osmosis purifier in series; wherein 
the ozone gas delivery channel communicates ozone 

20 gas between the anode and a point upstream of the car- 
bon filter so that microbial growth in the carbon filter is 
controlled and any residual ozone is eliminated from the 
water stream by the carbon filter to prevent oxidation of 
the reverse osmosis membrane. 

25 [0045] In order that the invention may be more readily 
understood, and so that further features thereof may be 
appreciated, the invention will now be described, byway 
of example, with reference to the accompanying draw- 
ings which will now be briefly described 

30 

Figure 1 is a schematic view of an electrochemical 
ozone generator sub-system having an electro- 
chemical ozone generator with hydrophobic phase 
separating membranes to prevent the anode water 

35 and the water to be treated from mixing. A differen- 
tial pressure sensing element is used to verify the 
integrity of the phase separation membranes. 
Figure 2 is a block diagram of a water treatment sys- 
tem having an electrochemical ozone generator op- 

40 erating at a pressure substantially higher than am- 
bient pressure. Water at a standard delivery pres- 
sure, such as house pressure, is delivered to the 
system. An electrochemical ozone generator sub- 
system is directly attached to the water delivery or 

45 distribution system. 

Figure 3 is a block diagram of a water treatment sys- 
tem having an ozone generation and delivery sub- 
system to deliver and engage ozone on the inlet 
side to a process. 

so Figure 4 is a block diagram of a water quality mon- 
itoring system having an audible or visual indicator. 
Based upon the available information, the controller 
may control the operation of the ozone generation 
sub-system and may provide one or more indicators 

55 as to the status of the system. 

Figure 5 is a block diagram showing a possible 
waste gas destruct sub-system as a part of an over- 
all water treatment sub-system. 
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Figure 6A is a cross sectional diagram of an elec- 
trochemical cell. This core assembly may be used 
as a single cell electrolyzer or may be injection 
molded as an insert to form a complete electrolyzer 
system. 

Figure 6B is a sectional diagram of another design 
of electrochemical cell. 

Figure 7 is a schematic diagram of a water treat- 
ment, storage, and delivery system that contains a 
bladderless reservoir to provide short term water 
delivery when the water generation rate is substan- 
tially less than the short term demand. Through 
management of system variables, the system de- 
signer may insure that a minimum average contact 
time is provided. 

Figure 8 is a system diagram of a water treatment 
unit having multiple electrochemical systems oper- 
ating at various pressures where the operating 
pressure of an electrochemical gas generator may 
be equal to orsubstantially higher than the pressure 
in the main water stream. 

Figure 9 is a diagram of an example ozone gener- 
ator that has been designed and fabricated to be 
directly connected to a water reservoir. 
Figure 10 is a diagram showing the integration of a 
point-of-use micro-organism control device into a 
refrigerator having a through-the-door feature. 

[0046] In the embodiments of the invention which will 
be described below, hydrophobic membranes are used. 
[0047] There is no particular restriction on the nature 
of the hydrophobic membranes to be used in the appa- 
ratus and the hydrophobic membrane may be formed 
with, for example, PTFE (ethylene, tetrafluoride resin) 
so called TEFLON® (a trademark of DuPont of Wilm- 
ington, Delaware), PFA (ethylene tetrafluoride-perfluor- 
oalkoxyethylene copolymer resin), PVDF (vinylidene 
fluoride resin), FEP (ethylene tetrafluoride-propylene 
hexafluoride copolymer resin), ETFE (ethylene tetraflu- 
oride-ethylene copolymer resin), etc., and the pore size 
of the hydrophobic membrane may be selected such 
that water does not permeate through the hydrophobic 
membrane used, and is preferably from about 0.01 to 
1 0 u.m, and more preferably from 0.1 to 2 \xm thick. 
[0048] Two hydrophobic membranes in series serve 
the function of ensuring separation between the waters 
of different quality, e.g., the water to be treated may con- 
tain chlorine or ions that should not be allowed to come 
in contact with the anode water and the anode water 
may contain by-products or contaminants that should 
not be allowed to come into contact with the anode water 
and the anode water may contain by-products or con- 
taminants that should not be transferred to the water to 
be treated. The two water types may be maintained at 
different pressures and the system may be equipped 
with a differential pressure sensor to detect the failure 
of the separating membranes. 
[0049] The volume enclosed between the two mem- 
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branes may be maintained at a pressure different than 
either the anode water source or the source of water to 
be disinfected. A pressure sensor or other means of 
monitoring the pressure differential across each hydro- 
s phobic membrane may be used to ensure the integrity 
of each of the membranes. 

[0050] The electrochemical ozone generator may be 
operated at a pressure that is comparable to the pres- 
sure of the water to be disinfected. In this manner, the 
10 ozone gas being generated may be directly introduced 
to the water to be disinfected without the requirement 
for a venturi, pumps or compressors. 
[0051 ] The ozone gas generated by the electrochem- 
ical ozone generator may be introduced upstream of a 
15 water filtration and/or treatment system to prevent the 
growth of biof ilms which are known to shorten the useful 
life of filters, carbon blocks and other filtration media. 
[0052] The ozone gas generated by the electrochem- 
ical ozone generator may be introduced upstream of a 
membrane-based water treatment system, such as re- 
verse osmosis (RO) or ultrafiltration systems, to prevent 
the growth and accumulation of biofilms which are 
known to reduce the functionality of such membranes. 
The ozone may be introduced periodically or in a con- 
trolled manner to prevent oxidation of the membrane of 
the water treatment system or other components having 
limited tolerance to ozone. 

[0053] A visual or audible indicator may be used to 
provide an indication to the user as to the performance 
of the electrochemical ozone generator. In one embod- 
iment, the indication is the result of a sensor designed 
and operated to quantify the amount of ozone dissolved 
in the water to be disinfected, the anode reservoir, or 
any other suitable monitoring location. In another em- 
bodiment, the indication is the result of the measure- 
ment of the voltage across and the current through the 
electrochemical cell generating the ozone. The output 
of the electrochemical cell may be correlated to the op- 
erating parameters of the cell and may therefore be 
used to monitor the performance of the ozone generator. 
As an example, the voltage between the anode and the 
cathode of the electrochemical cell is indicative of the 
electrochemical process, and the voltage may be used 
to determine if the electrochemical cell is producing ox- 
ygen or ozone. 

[0054] In many installations of the system, the waste 
hydrogen gas that is a byproduct of the electrochemical 
ozone generator process may not be vented or is not 
easily disposed. Therefore, a hydrogen destruct system 
may be incorporated to combine hydrogen with oxygen 
from the air to form water vapour which is more easily 
disposed. 

[0055] Optionally, the hydrogen may be combined 
with any surplus gas stream that originated from the an- 
ode of the electrochemical ozone generator. The source 
of this gas stream may be excess gas directly from the 
generator or it may be gas that is vented from the water 
to be disinfected after the ozone has been engaged with 
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the water to be disinfected. 

[0056] The electrochemical ozone generator may op- 
erate as a sub-system to an overall water treatment sys- 
tem that includes a reverse osmosis system. Water from 
the reverse osmosis system may be used in the anode 5 
of the electrochemical ozone generator directly or after 
further processing using, for example, a resin bed de- 
signed to scavenge ions from the water source. The re- 
sulting ozone may be used to treat water of any quality, 
before and/or after various processes and sub-systems 
of the water treatment system. 
[0057] The preferred systems of the present invention 
lend themselves to "point-of-use" applications, which for 
all purposes herein shall be taken to include "point-of- 
entry" applications. The "point-of-entry" is generally ac- 
cepted to be the place where water enters the home or 
facility from the water source while "point-of-use" is in 
the vicinity of it consumption. The water treatment at the 
point-of-entry processes the water for the entire home 
or facility. In contrast, point-of-use water treatment proc- 
esses the water in the general location where the water 
is consumed for drinking, bathing, washing, or the like. 
[0058] Cooling of the electrolytic cell to or below am- 
bient temperature may be provided by the process being 
treated. Cooling is generally required to prevent the in- 
efficiencies of the electrochemical processes from rais- 
ing the temperature of the anode above approximately 
35°C to minimise the thermal decomposition of the 
ozone produced Cooling of the ozone or ozone-contain- 
ing water to temperatures between ambient and the 
freezing point of water serves to extend the lifetime of 
the ozone as well as enhancing the solubility of the 
ozone in the water. As an example, should the ozone 
generator be utilised to treat water entering or being de- 
livered from a refrigerator or freezer, the ozone genera- 
tor may be located within the refrigerator or in partial 
thermal contact or communication with the freezer. 
[0059] Water containing high quantities of dissolved 
ozone may be provided at the point-of-use for use as a 
wash or disinfectant. An additional water faucet near the 
kitchen sink may be used to provide a stream of ozone- 
containing water for the washing of food, countertops, 
toys, utensils etc. 

[0060] The construction of the ozone generator may 
be such that it lends itself to mass production in the form 
of direct injection moulding of a the mi op last ic around 
the electrodes, membrane, flow fields etc. The proton 
exchange membrane (PEM) and the anode catalyst are 
both temperature sensitive and must be protected from 
excessive temperatures (above 1 80°C) during the man- 
ufacturing process. Furthermore, the proton exchange 
membrane is not a solid, but takes on properties similar 
to a gel when fully hydrated. Therefore, another aspect 
of the invention is a sealing ring which provides a bead- 
and-groove or elastomer seal with the membrane 
around, the active area of the electrolyzer and extends 
out to the thermoplastic where a seal is formed during 
the injection moulding process. During manufacturing, 



the components are pre-assembled, clamped together 
with a thermoplastic clip, inserted in to the injection 
mould and the thermoplastic injected. The anode and 
the cathode porous substrates are in direct contact with 
the moulding process front the catalyst and membrane. 
[0061] The quality of the water used in the electro- 
chemical cell may be improved through an electrodeion- 
ization or electrodialysis process to provide a continu- 
ous stream of deionized water without the need for con- 
sumables. Regardless of the quality or source of the wa- 
ter, which may include a potable and/or filtered water 
source, water must be provided to the electrochemical 
cell in sufficient quantities to support the electrolysis re- 
action of water to form ozone and to hydrate the ion ex- 
change membrane. Water is traditionally provided di- 
rectly to the anode since this is where the ozone forma- 
tion reaction takes place and water is transferred from 
the anode to the cathode by electroosmosis. However, 
in embodiments of the present invention, water may be 
provided to the cathode for back diffusion to the anode 
and membrane laterally to the membrane (perhaps a tu- 
bulated membrane as described in U.S. Patent No. 
5,635,039), or by a wick provided for that specific pur- 
pose. 

[0062] When the ozone generator is used in conjunc- 
tion with a refrigerator, a portion of the ozone gas from 
the generator or of the un-consumed ozone gas from 
the water to be treated may be vented into the refriger- 
ator or freezer chamber to provide treatment of the air, 
thus, odour control and food freshness can be main- 
tained in the refrigerator and freezer compartments. 
[0063] When the ozone gas is being used to provide 
disinfection of potable water, any residual ozone may 
be eliminated from the potable water stream by a carbon 
block, granulated activated carbon, ultraviolet lamp, mi- 
crowaves or heat. 

[0064] The electrochemical ozone generator may be 
optimised for placement within other components of the 
water treatment system. For example, the ozone gen- 
erator may be entirely contained within the RO water 
reservoir with necessary connections for electrical leads 
and hydrogen venting, placed entirely within a filter 
housing, water spigot, etc. Furthermore, the electro- 
chemical ozone generator may be made disposable and 
integrated with the other disposable components such 
as a reverse osmosis membrane, carbon filter and/or 
other filter elements, etc. 

[0065] Ozone gas not dissolved in the water to be dis- 
infected may be removed with the use of a hydrophobic 
membrane placed in the upper portion of a water reser- 
voir. The surplus ozone gas may then be passed 
through a destruct subsystem such as an ozone de- 
struct catalyst or heated catalyst before being vented. 
[0066] Electroosmotic cathode water may be used to 
pressurise portions of an electrochemical ozone gener- 
ating subsystem of the water treatment system. For ex- 
ample, the electroosmotic cathode water from an elec- 
trochemical ozone gas generator operating at the pres- 
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sure of a reverse osmosis reservoir may be used to pro- 
vide water to an electrochemical ozone generator oper- 
ating at the higher pressure of the inlet water or at the 
pressure of a carbon block or other filter element There- 
fore, the pressure of an electrochemical ozone genera- 
tor may be matched to the pressure of the water to be 
treated with the electroosmotic generated water being 
used to develop the necessary pressure. In a related 
example, a secondary electrochemical cell, such as an 
oxygen generator, may be installed as a subsystem for 
the sole purpose of delivering high pressure water for 
use in an electrochemical ozone generator elsewhere 
in the system. 

[0067] In an embodiment of the invention, intendedfor 
use in systems having a captive gas reservoir (head- 
space or bladder type) for the delivery of water under 
pressure, an electrolyzer may be used to pressurise the 
reservoir. Furthermore, the size of the electrolyzer, res- 
ervoir, etc., may be correlated such that delivery of water 
from the reservoir is at a rate that is matched to the 
ozone generation rate, ensuring that the water has been 
suitably engaged with the ozone. Delivery of water at a 
rate higher than a sustainable ozone generation rate will 
result in a pressure drop within the reservoir, lowering 
and eventually stopping water delivery, 
[0068] In other embodiments of the invention, the 
electrochemical ozone generator is located inline (such 
as in a tee) between various subsystems in a water 
treatment system. 

[0069] Figure 1 shows an electrochemical ozone gen- 
erator subsystem 112 having an electrochemical ozone 
generator 1 05, (examples of which are shown in Figures 
6A and 6B) an anode reservoir 1 04, a cathode reservoir 
106, and is attached to a source of water to be treated 

100 with hydrophobic phase separating membranes 
1 02, 1 03 to prevent the water in the anode 1 04 from mix- 
ing with the water to be treated 100. An intermediate 
region 101 in the form of a gas space bounded by gas 
permeable hydrophobic membranes 102, 103 may be 
held at a pressure significantly different from either of 
the water containing areas 100, 104. Pressure in the in- 
termediate region 101 and the anode reservoir may be 
controlled by an external means through connections 
1 1 1 and 1 1 0 respectively. A differential pressu re sensing 
element 107 monitors the pressure differential between 
the chambers 100, 101, 104 and compares the pressure 
differential to a predetermined reference. Should the 
pressure differential fall outside a preferred range, the 
control system 109 may remove power from the electro- 
lyzer 1 05 or provide an indication to the userthat service 
is required. Alternatively, if the intermediate reservoir 

101 is held at a pressure lower than either the water to 
be treated 100 or the anode reservoir 104, a flow monitor 
on the end of the connector 111 could be used to detect 
excessive flow of water from either 100 or 104 through 
a failed membrane 102 or 103 respectively. 

[0070] Figure 2 is a block diagram of a water treat- 
ment system 1 61 having an electrochemical ozone gen- 



erator 155 operating at a pressure substantially higher 
than ambient pressure. Water at a standard delivery 
pressure, such as house pressure, is delivered to the 
system through 150 and enters an initial treatment 
5 chamber (such as a filter for the removal of sediment) 
1 51 which provides a pressure drop to the system during 
water flow so that the water exiting the filter at 152 is at 
a lower pressure than that entering 150. A number of 
additional processing steps (shown as a single step 1 53 
10 with connections 152 and 154) may further reduce the 
water pressure during water flow. An electrochemical 
ozone generator sub-system 155 and support system 
1 59 (together representing a system such as 1 1 2 of Fig- 
ure 1 ) is directly attached to the water delivery or distri- 
15 bution system. The pressure of the ozone generator 
sub-system 155 is allowed to fluctuate with the water 
pressure in the water delivery or distribution system 156 
depending upon the flow rate, the initial inlet pressure 
to 1 50, etc. The ozone is generated and delivered to the 
distribution system 156 which may also include a water 
reservoir system 160, a flow control device 157 and a 
spigot 158. 

[0071] Figure 3 is a block diagram of a water treat- 
ment system 186 having an ozone generation and de- 
livery sub-system 179 to deliver and engage ozone on 
the inlet side to a system where the water quality in the 
main stream 184, 176 is not compatible with the require- 
ments of the ozone generator sub-system 1 79. A restric- 
tion, pressure regulating component, pre-filter, or pre- 
processing sub-system 185 may be utilized to provide 
a pressure drop between the inlet water 184 and the 
point of ozone introduction 176. This pressure differ- 
ence will allow water to flow as needed from the water 
inlet 184 to a water treatment sub-system 187 through 
a connection 175. Water may then flow from the condi- 
tioning sub-system 187 to the ozone generator sub-sys- 
tem 179. The ozone generator system may then operate 
at a pressure comparable to the pressure at the point of 
ozone introduction in the primary water stream 176. The 
ozone generation and introduction may be used across 
any number of sub-systems 180, such as reverse os- 
mosis, ultrafiltration, deionization, etc., and reservoirs 
181. 

[0072] Figure 4 is a block diagram of a water quality 
monitoring system 200 having an audible or visual indi- 
cator 214. An ozone generation and engagement sub- 
system 210 delivers ozone through a conduit 203 to the 
primary water stream 202 entering from a water source 
201 . The concentration of ozone is monitored at points 
throughout the distribution and delivery system using 
ozone monitors 204, 207 in connection to a control sys- 
tem 213. The control system 213 is also provided with 
the operating parameters of the ozone generator sub- 
system 210 through connections 211. Information pro- 
vided to the controller may include, among other param- 
eters, the current through the ozone generator, the volt- 
ages of the generator, temperature, etc. Based upon the 
available information, the controller 21 3 may control the 
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operation of the ozone generation sub-system 210 
through a connection 212 and may provide one or more 
indicators 214 as to the status of the system. 
[0073] Figure 5 is a block diagram showing a possible 
waste gas destruct sub-system 231 as a part of an over- 
all water treatment sub-system 225. As the primary wa- 
ter stream 226 is treated with ozone from an ozone gen- 
eration and engagement sub-system 227 waste hydro- 
gen is generated as a byproduct of the electrochemical 
reaction. This hydrogen is delivered by a conduit 229 to 
a waste gas destruct sub-system 231 where the hydro- 
gen is combined using a noble metal catalyst with oxy- 
gen from the air delivered by an air pump 230. Additional 
oxygen and possibly surplus ozone may be collected 
from another region of the treatment system such as a 
reservoir 233. The surplus gas may be separated from 
the water by a phase separator 234 and the gas provid- 
ed to the destruct system 231 through a conduit 236. 
Primary water, free from undissolved gas, may be de- 
livered to the distribution and delivery system continuing 
from conduit 235. An auxiliary heater 238 may be at- 
tached to the destruct sub-system to insure that the cat- 
alyst within the destruct system 231 is dry and active. 
Harmless gaseous and/or liquid products exit the waste 
gas destruct subsystem 231 by means of conduit 232. 
[0074] Figure 6 A is a cross sectional diagram of an 
electrochemical cell 300 that includes a proton ex- 
change membrane (PEM) 301 in contact with an anode 
catalyst and porous substrate 302 and a cathode cata- 
lyst and porous substrate 303. The anode and cathode 
substrates are backed by flow fields 304 and 305, re- 
spectively, that may optionally serve as a means of sup- 
port for the anode and cathode. Electrical connection 
may be provided by the flow fields 304, 305 or through 
electrical conductors 306, 307 provided specifically for 
that purpose. A seal 309, such as an elastomer or bead- 
and-groove, is preferably provided to seal each side of 
the proton exchange membrane so that the anode and 
cathode operate as isolated systems. The entire core 
assembly 301 , 302, 303, 304, 305, may be held together 
by molded plastic pieces 315, 316 which may be con- 
figured to snap together by a latch 308 or otherwise se- 
cured to form a single unit. This core assembly may then 
be used as a single cell electrolyzer or may be injection 
molded as an insert to form a complete electrolyzer as- 
sembly containing an anode reservoir 311, a cathode 
reservoir 312 a structural means of support 310 and a 
means of securing to an associated system by means 
of threads 313, 314 shown for the anode and cathode 
reservoirs 311, 312 respectively. 
[0075] Figure 6B is a cross sectional diagram of an 
electrochemical cell 325. The system includes a proton 
exchange membrane (PEM) 301 in contact with an an- 
ode catalyst and porous substrate 302 and a cathode 
catalyst and porous substrate 303. The anode and cath- 
ode substrates are backed by flow fields 304 and 305, 
respectively, that may also serve as a means of support 
for the anode and cathode. Electrical connection may 



be provided by the flow fields 304, 305 or through elec- 
trical conductors 306, 307 provided specifically for that 
purpose. A seal 309, such as an elastomer or bead-and- 
groove, is preferably provided to seal each side of the 

s proton exchange membrane so that the anode and cath- 
ode operate as isolated systems. The one or two piece 
ring 326 provides compression on the seal 309 against 
the proton exchange membrane 301 and prevents mol- 
ten thermoplastic from entering the flowfields 304, 305 

10 during a subsequent injection molding process. The ring 
326 also eliminates the requirement for direct sealing 
between the gel like proton exchange membrane 301 
and the thermoplastic housing or body formed in sub- 
sequent injection molding processes. The entire core 

is assembly 301 , 302, 303, 304, 305 may be held together 
by a molded plastic clip 327 after assembly and may be 
removed before injection molding or may be integrated 
into the molding. 

[0076] Figure 7 is a schematic diagram of a water 
20 treatment, storage, and delivery system 350 that con- 
tains a bladderless reservoir 353 to provide water deliv- 
ery when the water generation rate is substantially less 
than the short term demand for water so a water reser- 
voir is required. Water is provided to the treatment sub- 
25 system 364 from a water source by an inlet 363. The 
outlet 351 of the treatment sub-system 364 is in com- 
munication with the water delivery system 362 and a wa- 
ter storage reservoir 353. The water storage reservoir 

353 is provided with a headspace 354 that compresses 
30 as the reservoir is filled and expands as the water is tak- 
en from the reservoir. An ozone generator 356 is placed 
in communication with the storage reservoir and the 
ozone gas 357 enters the reservoir and is engaged with 
the water 365. As oxygen and ozone gas is added to the 

35 reservoir by the electrochemical generators 356, 359 
the pressure in the headspace 354 will increase and if 
the pressure goes above a preset value, water may exit 
from the reservoir 353 through a conduit 361 when a 
back pressure controller 355 opens. The discharge 367 

40 from the backpressure controller 355 may be connected 
to a suitable drain, phase separator, etc. This back pres- 
sure controller may be set to open at a pressure that is 
higher than the ultimate pressure generated by the wa- 
ter treatment sub-system 364 so that water is not con- 

45 tinuously dumped from the reservoir 353 and wasted. 
As gas is delivered to the reservoir 353, that gas which 
is not dissolved in the water will collect in the headspace 

354 and eventually increase the pressure in the storage 
reservoir 353 if water is not removed from the system 

50 350 through conduit 362. The back pressure controller 

355 will then maintain the pressure and the water level 
366 within the reservoir at a predetermined maximum. 
As water is consumed and the headspace 354 expands 
the pressure within the reservoir 353 will be reduced and 

55 the process 364 will resume operation. As water con- 
sumption continues and the headspace further increas- 
es, the pressure within the reservoir may fall below the 
point where water delivery is possible and water flow out 
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of the discharge 362 will be significantly reduced or 
stopped. Therefore, the rate of water delivery from the 
reservoir 353 is related to the gas generation rate of the 
electrochemical generators 356, 359 and the water pro- 
duction rate of the treatment sub-system 364. Through 
management of system variables, the system designer 
may insure that a minimum average contact time is pro- 
vided. 

[0077] Figure 8 is a system diagram of a water treat- 
ment unit 400 having multiple electrochemical systems 
operating at various pressures. Water enters a first 
processing sub-system 402 through a water inlet port 
401. An electrochemical ozone generator 404 injects 
ozone into the primary stream 403. However, if the water 
quality in the primary stream at that point in the water 
treatment unit is not suitable for use in the electrochem- 
ical system 404, water must be provided from another 
source at a pressure equal to or higher than the pressure 
at point 403. Therefore, a second electrochemical gen- 
erator may be attached at a point in the main process 
stream having higher quality water 408 that may be eas- 
ily treated for use in the electrochemical cell 410 by a 
pretreatment system 41 5 such as an ion exchange resin 
bed. The electroosmotic water and hydrogen gas gen- 
erated by the electrochemical gas generator 410 may 
be delivered by a conduit 41 4 to a phase separator 41 2 
where the gas is released 413 and the water is provided 
through conduit 407 to the electrochemical gas gener- 
ator 404. Therefore, the operating pressure of the elec- 
trochemical gas generator 404 may be equal to or sub- 
stantially higher than the pressure in the main water 
stream 403. The water source located downstream after 
any number of processes 405, 406, where the water 
quality is higher but the pressure is lower than at the 
water inlet 401 or the gas introduction point 403, is purer. 
[0078] Figure 9 is a diagram of an ozone generator 
500 that is designed to operate in direct fluid communi- 
cation with a water treatment device, such as the water 
reservoir for a reverse osmosis system. The system is 
fabricated from a single housing 503 made from a ma- 
terial suitable for use with ozone. The system includes 
an anode reservoir501 and an anode frit 504 made from 
porous titanium having a lead dioxide catalyst coating 
on the side in contact with the first side of a proton ex- 
change membrane 507. The second side of the proton 
exchange membrane is in contact with a second frit 508 
made from porous stainless steel. Each porous frit 504, 
508 is provided with a lead 505, 506 formed from the 
same material as 504 and 508, respectively, and spot 
welded to each frit to provide electrical connection to the 
anode and cathode. Directly supporting the porous 
stainless steel frit 508 is an expanded stainless steel 
flowfield 509 that provides a fluidic connection to the 
cathode reservoir 502 through a conduit 511. The as- 
sembly 504, 507, 508, 509 is held in place with a thread- 
ed plug 510. The plastic housing 503 accepts the com- 
ponents 504, 507, 508, 509 and provides a seal be- 
tween the anode and cathode by compressing the pro- 



ton exchange membrane 507 between the stainless 
steel cathode frit 508 and the plastic housing 503. In the 
present system, cathode water is allowed to return di- 
rectly to the anode reservoir 501 by a depression 512 

5 in the divider 51 4 between the anode reservoir 501 and 
the cathode reservoir 502. Both the ozone gas and the 
hydrogen gas are allowed to enter the water in the res- 
ervoir or, alternatively, the system may be fitted with a 
port to redirect the hydrogen to a location other than the 

to anode reservoir 501 . 

[0079] Figure 1 0 is a schematic diagram showing the 
integration of a point-of-use microbial control system in- 
to a refrigerator having a water dispenser. In this system 
a refrigerator 600 is provided with a pressurized water 

'5 supply 601 feeding a carbon filter 605 and a reverse os- 
mosis purifier 604 in series. Water from the reverse os- 
mosis unit 604 is provided through conduit 617 and 
backflow prevention device 613 to an ozone generator 
602 which is in thermal contact with a side wall 610 of 

20 the refrigerator compartment 608 but separated by a 
temperature regulating layer 612 to prevent the electro- 
lyzer from freezing. Ozone from the electrolyzer 602 ex- 
its the ozone generator and is distributed among the in- 
jection points such as 611 leading to the reverse osmo- 

25 sis purifier and a chilled water storage reservoir 606. 
Ozone is removed from the water storage reservoir and 
surplus ozone is destroyed by an exit gas treatment sys- 
tem 61 6. The ozone containing water in the storage res- 
ervoir 606 passes through a fluid deozonation system 

30 61 4 before being delivered to the user at the water dis- 
penser 607. 

Example 

35 [0080] An ozone generator was designed and fabri- 
cated in accordance with Figure 9 to produce about 0. 1 6 
grams of ozone per 24 hours. A single electrolyzer cell 
with an active area of approximately 0.08 cm 2 was used 
to generate and deliver ozone gas directly to a storage 

40 reservoir containing reverse osmosis quality water. The 
system was fabricated from polyvinyl difluoride (PVDF) 
and was approximately 2 inches in length. The system 
consisted of six individual pieces: a plastic housing, an 
1/8" diameter porous titanium anode frit coated with 

45 lead dioxide, a 1/4" diameter Nafion proton exchange 
membrane, a 1/4" porous stainless steel frit, and a 1/2" 
diameter expanded stainless steel flow field and a plug 
that is screwed into the bottom of the assembly to hold 
all the components in the housing. The proton exchange 

50 membrane is also used as a gasket to provide sealing 
between the cathode and anode. 
[0081] The porous titanium and the porous stainless 
steel frits are fitted with leads that extend outward 
through the wall of the vessel to provide electrical con- 

55 nection to the porous materials. These leads are potted 
with epoxy in the housing. The PEM was a sheet of per- 
fluorinated sulfonic acid polymer, NAFION 117. 
[0082] Cooling for the generator is provided by direct 
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contact with th e water reservoir, wh ich is sufficient to d is- 
sipate the one-half Watt of thermal energy generated by 
the device. The system may be operated at any temper- 
ature between the freezing and boiling points of water, 
but most preferably from above freezing to ambient to 
maximize the lifetime of the ozone gas being generated. 
No water management is necessary since water is pro- 
vided by the reverse osmosis system. 
[0083] A DC power supply having two output levels 
was fabricated. This power supply provided a nominal 
constant current of 167 mA in standard operation, and 
a constant voltage output of 2 volts for standby opera- 
tion. 

[0084] While the foregoing is directed to the preferred 
embodiment of the present invention, other and further 
embodiments of the invention may be devised without 
departing from the basic scope thereof, and the scope 
thereof is determined by the claims which follow. 



Claims 

1. An apparatus comprising: (a) a point-of-use water 
treatment system for potable water having a water 
inlet (150) and a water outlet (158); (b) an electro- 
chemical ozone generator (155) having an ozone- 
forming anode (302), a cathode (303), an ion ex- 
change membrane (301 ) disposed between the an- 
ode and the cathode, and a water supply port (1 00) ; 
and (c) an ozone gas delivery channel 
(104,101,100) providing communication of ozone 
gas between the anode and the water treatment 
system, the ozone gas delivery channel having two 
hydrophobic gas-liquid separator membranes 
(1 02,1 03) disposed therein to form a gas-containing 
gap (101 ) to prevent mixing of liquid water between 
the anode and the water treatment system. 

2. The apparatus of Claim 1 , wherein the water treat- 
ment system includes one or more water treatment 
devices (151 ,153), and wherein the water treatment 
system further comprises a reactant water supply 
outlet (408) providing fluid communication from a 
point downstream of at least one of the one or more 
water treatment devices to the electrochemical 
ozone generator (155), further comprising a sec- 
ondary electrochemical cell (410) having an anode 
in fluid communication with the reactant water sup- 
ply outlet (408) and a cathode fluid outlet in fluid 
communication with the anode of the ozone gener- 
ator (404). 

3. The apparatus of Claim 2, wherein the secondary 
electrochemical cell (41 0) provides cathode fluid to 
the anode of the electrochemical ozone generator 
at a pressure greater than the pressure in the water 
treatment system adjacent the ozone gas delivery 
channel (104,101,100). 



4. The apparatus of any one of the preceding claims 
wherein the water treatment system includes a wa- 
ter storage reservoir (353), and wherein the ozone 
gas delivery channel (104,101,100) communicates 

5 ozone gas to pressurise the water storage reservoir. 

5. The apparatus of any one of the preceding claims, 
further comprising a differential pressure sensor 
(107) to detect the pressure differential across the 

10 hydrophobic gas-liquid separator membrane, and 
further comprising a controller (109) in electronic 
communication with the differential pressure sensor 
and the electrochemical ozone generator (105), 
wherein the controller controls the operation of the 

is electrochemical ozone generator. 

6. The apparatus of any one of the preceding claims, 
further comprising: a liquid water sensor disposed 
in the gas chamber (101); and a controller in com- 

20 munication with the liquid water sensor and the 
electrochemical ozone generator. 

7. The apparatus of any one of the preceding claims, 
further comprising a catalytic destruct system (231) 

25 jn selective communication with the ozone outlet 
and the cathode to convert hydrogen and ozone to 
water vapour and oxygen. 

8. The apparatus of any one of the preceding claims, 
30 wherein the anode (302), cathode (303) and ion ex- 
change membrane (301) are secured in intimate 
contact within a pre-moulded thermoplastic frame 
(315,316). 

35 9. The apparatus of any one of the preceding claims, 
wherein the water treatment system has a water 
treatment device (151 ,152,153), wherein the water 
treatment device is a particle filter, ultrafiltration unit, 
carbon filter, water softener, ion exchange bed, re- 

40 verse osmosis membrane, electrodeionization de- 
vice, electrodialysis device or combinations thereof. 

10. The apparatus of Claim 9, wherein the water treat- 
ment device (1 51 , 1 52, 1 53) and the electrochemical 
45 ozone generator (112) are disposed in a common 
housing (503) having a water inlet and a water out- 
let, wherein the housing includes an outlet for re- 
moving gases evolved at the anode and cathode. 

50 

Patentanspruche 

1 . Vorrichtung, welche umfaBt: (a) ein Wasserbehand- 
lungssystem, zum Einsatz am Verwendungsort, fur 
55 Trinkwasser, mit einem WassereinlaB (150) und ei- 
nem WasserauslaB (158); (b) einen elektrochemi- 
schen Ozongenerator (155) mit einer Ozonbilden- 
den Anode (302), einer Kathode (303), einer lonen- 
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austauschmembran (301), die zwischen der Anode 
und der Kathode angeordnet ist, und einer Wasser- 
zufuhroffnung (100); und (c) einen Ozongasabga- 
bekanal(104, 101, 100),dereine Uberfuhrung von 
Ozongas zwischen der Anode und dem Wasserbe- 5 
handlungssystem bereitstellt, wobei der Ozongas- 
abgabekanal zwei hydrophobe Gas-Fliissig-Trenn- 
rnembranen (1 02, 1 03) aufweist, die darin angeord- 
net sind, um einen Gas enthaltenden Zwischen- 
raum (1 01 ) zu bilden, um das Vermischen von flus- 10 
sigem Wasser zwischen der Anode und dem Was- 
serbehandlungssystem zu verhindern. 

Vorrichtung nach Anspruch 1 , dadurch gekenn- 
zeichnet, da 8 das Wasserbehandlungssystem ei- 15 
ne oder mehrere Wasserbehandlungseinrichtun- 
gen (151 , 153) einschlieBt und daB das Wasserbe- 
handlungssystem weiter einen Reaktantwasserzu- 
fuhrauslaB (408) umfaBt, der eine FiieBverbindung 
von einem Punkt stromabwarts wenigstens einer 20 
der einen oder mehreren Wasserbehandlungsein- 
richtungen zum elektrochemischen Ozongenerator 
(155) bereitstellt, wobei es weiterhin eine sekunda- 
re elektrochemische Zelle (410) mit einer Anode in 
FiieBverbindung mit dem Reaktantwasserzufuhr- 25 
auslaB (408) und einem KathodenfluidauslaB in 
FiieBverbindung mit der Anode des Ozongenera- 
tors (404) umfaBt. 

Vorrichtung nach Anspruch 2, dadurch gekenn- 30 
zeichnet, daB die sekundare elektrochemische 
Zelle (410) Kathodenfluid fur die Anode des elek- 
trochemischen Ozon generators bei einem hoheren 
Druck als dem Druck im Wasserbehandlungssy- 
stem benachbart dem Ozongasabgabekanal (1 04, 35 
101, 100) bereitstellt. 

Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB das Was- 
serbehandlungssystem einen Wasservorratsspei- *o 
cher (353) einschlieBt und daB der Ozongasabga- 
bekanal (104, 101, 100) Ozongas weiterleitet, um 
den Vorratsspeicher unter Druck zu setzen. 

Vorrichtung nach einem der vorangehenden An- 45 
spruche, dadurch gekennzeichnet, daB sie weiter 
einen Differenzdrucksensor (107) umfaBt, um den 
Druckunterschied uber die hydrophobe Gas-Flus- 
sig-Trennmembran zu bestimmen, und weiter eine 
Steuereinheit (109) in elektronischer Verbindung so 
mit dem Differenzdrucksensor und dem elektroche- 
mischen Ozongenerator (105) umfaBt, wobei die 
Steuereinheit den Betrieb des elektrochemischen 
Ozongenerators steuert. 

55 

Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB sie weiter 
umfaBt: einen Fliissigwassersensor, der in der Gas- 



kammer (101) angeordnet ist; und eine Steuerein- 
heit in Verbindung mit dem Fliissigwassersensor 
und dem elektrochemischen Ozongenerator. 

7. Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB sie weiter 
ein katalytisches Zersetzungssystem (231) in se- 
lektiver Verbindung mit dem OzonauslaB und der 
Kathode umfaBt, um Wasserstoff und Ozon in Was- 
serdampf und Sauerstoff umzuwandeln. 

8. Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB die An- 
ode (302), Kathode (303) und lonenaus- 
tauschmembran (301 ) in innigem Kontakt mit einem 
vorgeformten thermoplastischen Rahmen (315, 
316) befestigt sind. 

9. Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB das Was- 
serbehandlungssystem eine Wasserbehandlungs- 
einrichtung (151, 152, 153) aufweist, wobei die 
Wasserbehandlungseinheit ein Teilchenfilter, eine 
Ultrafiltrationseinheit, ein Kohlefilter, ein Wasser- 
entharter, ein lonenaustauschbett, eine Umkehros- 
mosemembran, eine Elektroentionisierungsein- 
richtung, eine Elektrodialyseeinrichtung oder Kom- 
binationen derselben ist. 

10. Vorrichtung nach Anspruch 9, dadurch gekenn- 
zeichnet, daB die Wasserbehandlungseinrichtung 
(1 51 , 1 52, 1 53) und der elektrochemische Ozonge- 
nerator (112) in einem gemeinsamen Gehause 
(503) mit einem WassereinlaB und einem Wasser- 
auslaB angeordnet sind, wobei das Gehause einen 
AuslaB zum Entfemen von Gasen einschlieBt, die 
an der Anode und Kathode entstanden sind. 



Revendications 

1 . Appareil comprenant : (a) un systeme de traitement 
d'eau pour un point d'utilisation destine a de I'eau 
potable possedant une entree d'eau (150) et une 
sortie d'eau (158) ; (b) un generateur d'ozone elec- 
trochimique (1 55) possedant une anode formant de 
I'ozone (302), une cathode (303) et une membrane 
d'echange d'ions (301) disposee entre I'anode et la 
cathode, et un orifice d'alimentation en eau (100) ; 
et (c) un canal d'ecoulement d'ozone gazeux (1 04, 
101, 100) fournissant une communication d'ozone 
gazeux entre I'anode et le systeme de traitement 
d'eau, le canal d'ecoulement d'ozone gazeux pos- 
sedant deux membranes separatrices gaz-liquide 
hydrophobes (102, 103) disposees dedans pour 
former un espace contenant du gaz (101) en vue 
d'eviter un melange d'eau liquide entre I'anode et le 
systeme de traitement d'eau. 
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2. Appareil selon la revendication 1 , dans lequel le 
systeme de traitement d'eau inclut un ou plusieurs 
dispositifs de traitement d'eau (151, 153), et dans 
lequel le systeme de traitement d'eau comprend de 
plus une sortie d'alimentation en eau reactive (408) 5 
fournissant une communication fluide a partir d'un 
point en aval d'au moins un d'un ou plusieurs des 
dispositifs de traitement d'eau vers le generateur 
d'ozone electrochimique (155) comprenant de plus 
une cellule electrochimique secondaire (410) pos- to 
sedant une anode en communication fluide avec la 
sortie d'alimentation en eau reactive (408) et une 
sortie de fluide cathodique en communication fluide 
avec I'anode du generateur d'ozone (404). 

15 

3. Appareil selon la revendication 2, dans lequel la cel- 
lule Electrochimique secondaire (410) fournit un 
fluide cathodique a I'anode du generateur d'ozone 
electrochimique a une pression sup6rieure a la 
pression dans le systeme de traitement d'eau adja- 20 
cent au canal d'ecoulement d'ozone gazeux (104, 
101,100). 



fixees en contact intime a I'interieur d'un cadre ther- 
moplastique pre-moule (315, 316). 

. Appareil selon I'une quelconque des revendications 
precedentes, dans lequel le systeme de traitement 
d'eau possede un dispositif de traitement d'eau 
(151, 152, 153), dans lequel le dispositif de traite- 
ment d'eau est un filtre de particules, une unite d'ul- 
trafiltration, un filtre a charbon actif , un adoucisseur 
d'eau, un lit d'echange d'ions, une membrane d'os- 
mose inverse, un dispositif d'electrodesionisation, 
un dispositif d'electrodialyse ou leurs combinai- 
sons. 

0. Appareil selon la revendication 9, dans lequei le dis- 
positif de traitement d'eau (151 , 152, 153) et le ge- 
nerateur d'ozone electrochimique (112) sont dispo- 
ses dans un logement commun (503) possedant 
une entree d'eau et une sortie d'eau, dans lequel le 
logement inclut une sortie en vue d'6liminer les gaz 
emis au niveau de I'anode et de la cathode. 



4. Appareil selon I'une quelconque des revendications 
precedentes, dans lequel le systeme de traitement 25 
d'eau inclut un reservoir de stockage d'eau (353), 

et dans lequel le canal d'ecoulement d'ozone ga- 
zeux (1 04, 1 01 , 1 00) livre I'ozone gazeux pour met- 
tre sous pression le reservoir de stockage d'eau. 

30 

5. Appareii selon I'une quelconque des revendications 
precedentes, comprenant de plus un capteur de 
pression differentielle (107) pour detecter la pres- 
sion differentielle a travers la membrane separatri- 

ce gaz-liquide hydrophobe, et comprenant de plus 35 
un regulateur (1 09) en communication electronique 
avec le capteur de pression differentielle et le ge- 
nerateur d'ozone electrochimique (105), dans le- 
quel le regulateur commande le fonctionnement du 
generateur d'ozone electrochimique. 40 



6. Appareil selon I'une quelconque des revendications 
precedentes, comprenant de plus : un capteur 
d'eau liquide dispose dans une chambre a gaz 
(101) ; et un regulateur en communication avec le 45 
capteur d'eau liquide et le generateur d'ozone elec- 
trochimique. 



7. Appareil selon I'une quelconque des revendications 
precedentes, comprenant de plus un systeme de so 
destruction catalytique (231) en communication se- 
lective avec la sortie d'ozone et la cathode pour con- 
vener I'hydrogene et I'ozone en vapeur d'eau et oxy- 
gene. 

55 

8. Appareil selon I'une quelconque des revendications 
precedentes, dans lequel I'anode (302), la cathode 
(303) et la membrane d'echange d'ions (301) sont 
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FIG. 6B 
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